Thyroid cancer is the most common malignancy of the endocrine system and it is usually presented as nodular goiter, the last being extremely a common clinical and ultrasound finding. The widespread use of ultrasonography during the last decades has resulted in a dramatic increase in the prevalence of clinically inapparent thyroid nodules, which only in 5.0-10.0% harbor thyroid carcinoma. The goal of the initial sonographic assessment of thyroid nodules is to distinguish benign nodules that could be managed conservatively from those with suspicious or malignant features requiring further management, including fine needle aspiration biopsy (FNAB), some axillary molecular techniques and thyroid surgery. Since over 90% of malignant thyroid nodules are differentiated thyroid carcinomas (DTCs) with good prognosis, it is necessary to establish strict criteria for diagnosis, treatment and follow-up in order to minimize the potential harm of over-treatment of low-risk patients and to provide adequate therapy to patients at high risk. This often requires an interdisciplinary approach involving endocrinologists, surgeons, pathologists, radiologists and oncologists.
Introduction
Nodular thyroid disease is a common clinical problem and palpable thyroid nodules are found in approximately 3-7% of the population [1] . Comparing to palpation as the detection method, ultrasound (US) increases the prevalence 10-fold, reaching between 20 and 76% with higher rates in women, older age groups and endemic areas [2, 3] . Thyroid carcinoma is the most common endocrine cancer [4] , diagnosed in about 5-10% of thyroid nodules [1, 5] . An American survey predicts that by 2019, papillary thyroid carcinoma will be the third most common malignancy in women [6] . Over the last 30 years, the annual incidence of thyroid carcinoma in the USA has nearly tripled from 4.9 to 14.3/100,000 [7] . It is believed that this increase is largely due to the improved diagnosis and detection of carcinomas smaller than 2 cm, whereas the mortality rate of this disease has not changed and remains at a level of 0.5/100,000 [8] . However, an analysis by Lim et al. of 77,276 thyroid cancer patients published in 2017 estimates an increase in the mortality rate for advanced-stage papillary thyroid cancer [9] .
The Chernobyl accident in 1986 marked a new era in thyroid carcinoma incidence. The risk of developing thyroid cancer, especially in Ukraine, Belarus, Western Russia and neighboring countries, is estimated to be highest for those who were then under the age of 9, and especially under the age of 5, and probably have taken a large dose radioactive iodine through milk and dairy products [10] . It is estimated that the Chernobyl accident will result in 16,000 new cases of thyroid cancer by 2065 [10] . In the coming years, an increasing number of newly diagnosed thyroid carcinomas is expected in Japan, related to the Fukushima accident in April 2011. All these factors led to the development in 2015 of the American Thyroid Association (ATA) management guidelines for adults with thyroid nodules and differentiated thyroid cancer [5] .
Differentiated thyroid carcinoma (DTC), including papillary (classical and variants) and follicular carcinoma, accounts for over 90% of cases of thyroid cancer and is the main subject of this review. Medullary and anaplastic carcinomas are rare and prognostically less favorable.
Preoperative diagnosis of thyroid carcinoma
Two diagnostic procedures play a major role in the preoperative diagnosis of thyroid cancer-the ultrasound (US) examination of the neck, revealing one or more thyroid nodules and the fine needle aspiration biopsy (FNAB).With the discovery of a thyroid nodule, a complete history and physical examination focusing on the thyroid gland and cervical lymph nodes should be performed. Family history of thyroid carcinoma, prior head or neck irradiation, a growing or fixed nodule with neck lymphadenopathy, male gender as well as some age groups (< 18 and > 70 years of age are clinical factors that are associated with a higher risk of thyroid carcinoma [11, 12] .
The next diagnostic step is the clarification of thyroid function by obtaining a serum TSH. If the serum TSH is subnormal, besides serum levels of free T4 and T3, a radionuclide thyroid scan should be performed to document whether the nodule is hyperfunctioning ("hot"), isofunctioning ("warm") or nonfunctioning ("cold") [12] . Autonomously functioning thyroid nodules (toxic or hyperfunctioning nodules) do not need further cytologic evaluation because the incidence of malignancy is exceedingly low [5, 12] . On the contrary, a higher serum TSH level, even within the upper part of the reference range, is associated with an increased risk of malignancy [13] . Experimental studies have shown that thyroid cell proliferation is TSH dependent and that highly differentiated thyroid carcinomas retain this response to TSH. Suppressive thyroxine treatment for differentiated thyroid cancer is also based on this TSH dependence [14] .
Ultrasound examination
Most guidelines do not recommend routine population US screening. However, thyroid ultrasound is mandatory for individuals with a family history of thyroid carcinoma, previous head or neck irradiation (e.g., radiotherapy for concomitant lymphoma), palpable nodules in the neck, symptoms of dysphonia, dysphagia, dyspnea and cervical lymphadenopathy [12] .
Neck US is a key examination in the management of thyroid nodules and in the last two decades, it has become an indispensable tool for detecting thyroid nodules and for accurately determining their size, number and structure [15] . By definition, a thyroid nodule is a discrete lesion within the thyroid gland that is radiologically distinct from the surrounding thyroid parenchyma [16] . The US examination should select the suspicious nodule for subsequent FNAB according to the "degree of suspicion" determined by the presence of some of the following malignancy-specific characteristics [17] :
• a solid hypoechoic structure and especially marked hypoechogenicity;
• irregular margins-if more than 50% of the circumference of the nodule is unclearly separated from the surrounding parenchyma, the margins are considered irregular, as well as if microlobulations or spiculae exist. The missing "halo" sign, which indicates that it is difficult to delineate margins, is not equivalent to irregular margins, the last being clearly visible but showing an infiltrative course [5] ;
• the presence of microcalcifications-tiny hyperechoic spots that are equal to or less than 1 mm in diameter without posterior acoustic shadowing. They are common in papillary thyroid carcinoma and pathologically represent psammoma bodies.
• "taller-than-wide" shape, anterior-posterior diameter exceeds the transversal diameter of the nodule (AP/T ratio > 1) on a transverse or longitudinal plane [18, 19] .
• intranodular blood flow detected by color or power Doppler is explained by the formation of new blood vessels needed for the fast proliferating tumor cells [20, 21] . Although intranodular hypervascularity is observed in about half of thyroid carcinomas, it is a nonspecific finding. Perinodular blood flow is usually seen in benign nodules, but 22% of malignant nodules also show perinodular blood flow. The results of previous studies are somewhat contradictory regarding Doppler [19] .
• presence of enlarged cervical lymph nodes with suspicions for malignancy characteristics (e.g., round shape, absence of hilus, thyroid-like structure, presence of microcalcifications, cystic degeneration, abnormal vascularity pattern).
Other US characteristics are still debatable, for example, an increase in nodular size/volume (50% increase in volume), large coarse and irregular-shaped dystrophic calcifications (frequently seen in all types of nodules and may reflect previous hemorrhage and tissue necrosis) and rim or "egg-shell" calcifications (malignancy is suspected if the "egg-shell" is interrupted, with small extrusive soft-tissue component). According to most studies, the nodule size and number (solitary nodules or multinodular goiter) are not suggestive of malignancy, although a meta-analysis of Campanella indicates a higher malignancy risk for single nodules (OR, 1.43) and for nodule size ≥4 cm (OR, 1.63) [11] .
There are also some US features suggestive of benignity of the nodule-pure cysts with anechoic structure, spongiform nodules, halo sign, smooth margins, dorsal acoustic enhancement, presence of a gentle continuous halo, dorsal acoustic enhancement, hyperechoic structure, uninterrupted eggshell calcifications as well as significant decrease in size over time [22] .
Apart from the interobserver variation in the assessment, the US criteria associated with malignancy have various sensitivity and specificity, and unfortunately, none of them alone is strong enough to prove or rule out malignancy efficiently ( Table 1) . This is why some teams have tested certain combinations of US features to increase the diagnostic accuracy of this imaging technique. The concurrent presence of two sonographic criteria doubles the probability of malignancy; a combination of three raises the malignancy risk to 72.7% [30] . According to Papini et al. the combination of a hypoechoic structure and at least one of the following US features-irregular borders or microcalcifications or intranodular blood flow-reaches 87% sensitivity and would miss only 13% of the carcinomas among the nonpalpable nodes [25] .
In 2017 the European Thyroid Association (ETA) created a novel European Thyroid Imaging and Reporting Data System, called EU-TIRADS, providing a risk stratification of thyroid nodules [31] . It consists of a 6-point scale for risk stratification with increasing risks of malignancy and is based on the "classic pattern" concept [31] :
• EU-TIRADS 1 category refers to a US examination where no thyroid nodule is found; there is no need for FNAB.
• EU-TIRADS 2 category comprises benign nodules with a risk of malignancy close to 0%, presented on sonography as pure/anechoic cysts ( Figure 1A) or entirely spongiform nodules ( Figure 1B) . Both of these US appearances are sufficient to rule out malignancy without the need for FNAB, unless the last is performed for therapeutic purposes-that is, cyst evacuation in case of compressive symptoms. The benign cyst is a purely cystic nodule which does not have any wall thickening or any solid component that could be identified by Doppler US. Cysts which are divided into separate compartments by septa also belong to this benign category. Bright echogenic spots with posterior comet-tail artifact represent a benign finding, in fact a reverberation of the US signal related to presence of microcrystals in colloidal nodules. The spongiform nodule (also "puff pastry" structure) is composed of tiny cystic spaces involving the entire nodule, separated by numerous isoechoic septa, and is considered benign [5, 12, 22, 31] .
• EU-TIRADS 3 is the low-risk category (malignancy risk: 2-4%) which includes ovalshaped, isoechoic or hyperechoic nodules with smooth margins and no high-risk features ( Figure 1C and D) . FNA is recommended only for nodules >20 mm [31, 32] . For nodules with an inhomogeneous structure, the presence of any hypoechoic areas classifies the nodule as intermediate risk (see below).
• EU-TIRADS 4 is the intermediate-risk category with an estimated risk of malignancy between 6 and 17% [31, 32] . This category is presented by mildly hypoechoic nodules with oval shape, smooth margins and without any features of high risk (Figure 1E ). FNA should be performed if nodule's diameter is >15 mm. As it is evident, the difference between the low-risk (EU-TIRADS 3) and the intermediate-risk category (EU-TIRADS 4) lies in the echogenicity of the solid part of the nodule. The estimated risk of malignancy varies between 6 and 17% and some US features may modulate it. For example, cystic areas, the presence of comet-tail artifacts, peripheral vascularity or high elasticity lowers the malignancy risk, whereas interrupted rim macrocalcifications, a thick or discontinuous halo, predominantly central vascularity, and low elasticity may increase the risk [31] . • EU-TIRADS 5 encompasses the high-risk category nodules with at least one of the following US features: marked hypoechogenicity, nonoval shape, irregular margins and microcalcifications. The risk of malignancy varies between 26 and 87% [33, 34] , generally increasing with the number of suspicious US characteristics. FNA is recommended for high-risk nodules if they exceed 10 mm in size. In case of benign cytology of such a suspicious nodule, FNAB should be repeated within 3 months to reduce the rate of false-negative samples.
Patients with subcentimeter nodules with highly suspicious US features (microcarcinomas) and no abnormal lymph nodes can have the choice of active surveillance or FNAB. The last is recommended if the nodule shows enlargement or is accompanied by abnormal lymph node/s, highly suspicious of lymph node metastatic disease [31] .
The problem of thyroid incidentalomas
A thyroid incidentaloma is defined as an unexpected, asymptomatic thyroid tumor discovered during the investigation of an unrelated condition. The widespread use of various high-sensitive imaging methods (US, CT, MRI, FDG PET) leads to accidental detection of nonpalpable thyroid nodules, some of which may prove to be malignant [35] . It is believed that the increased incidence of thyroid carcinoma is mainly due to detection of microcarcinomas ≤ 1 cm as incidentalomas [36] . The estimated risk of malignancy varies according to the method of discovery. In the absence of clinical risk factors, the risk of malignancy in thyroid incidentalomas diagnosed on neck US, CT or MRI is 5-13%, which is more or less the same as the risk among all thyroid nodules [31, 32, 36, 37] . This implies а mandatory US assessment before the decision for FNAB. In contrast, the risk of malignancy when diagnosed by focal FDG uptake on a PET scan (F-18 fluoro-deoxy-glucose positron emission tomography) is much higher, around 30% [38] . Although the FDG PET is performed in the context of another oncological disease, most FDG PET-positive thyroid incidentalomas are differentiated thyroid cancers and not intrathyroidal metastases from other malignancies [38] .
US elastography
Sonoelastography is a noninvasive dynamic technique that uses US to provide an estimation of tissue stiffness by measuring the degree of distortion under the application of an external force. US elastography has been applied to study the hardness/elasticity of nodules to differentiate malignant from benign lesions [39] . Real-time ultrasound elastography (RTE) is the most commonly used method in thyroid clinics. The nodule chosen by the operator and taken in to the area of interest is subjected to repeated pressure pulses applied by the probe. Tissue distortion is then processed by a special software and presented by a US elastogram over the B-mode image in a color scale that ranges from red, for components with greatest elastic strain (i.e., softest components), to blue for those with no strain (i.e., hardest components). The US elastographic image is then matched with an elasticity color scale and classified as: score 1-elasticity in the whole nodule; score 2-elasticity in a large part of the nodule; score 3-elasticity only at the periphery of the nodule; score 4-no elasticity in the nodule; score 5-no elasticity in the nodule and part of the surrounding tissue [39, 40] . The probability of malignancy raises with increasing hardness of the nodule and decreasing elasticity, respectively. A strain index (SI) could be calculated as a ratio of the nodule strain divided by the strain of the softest part of the surrounding normal tissue. The cut-off of SI for malignancy was estimated to be 2.9 in a study of Magri in 661 nodules [41] . Others proposed a higher cut-off of 3.85 for detecting malignant thyroid nodules [42] .
Fine needle aspiration biopsy (FNAB) with cytology assessment
Fine needle biopsy (with or without aspiration) is the most accurate preoperative diagnostic method for distinguishing malignant from benign thyroid nodules [43] . It is a minimally invasive and safe method, which can be performed to hospitalized patients as well as in outpatient settings. It is recommended that the yielded cytological material is then evaluated according to the Bethesda classification in one of the following six categories [44]:
1. Nondiagnostic or unsatisfactory are specimens that do not meet the criteria for adequacy due to different reasons-an insufficient number of follicular cells, obscuring blood or clotting artifact, thick smears, air drying of alcohol-fixed smears and others. A thyroid FNA specimen is considered satisfactory for evaluation if it contains at least six groups of follicular cells, each group composed of at least 10 cells [45] . Cyst-fluid-only (CFO) cases representing cystic thyroid nodules, richly vascularized nodules and pronounced fibrosis in Hashimoto thyroiditis may also result in nondiagnostic specimens. A repeated biopsy with ultrasound guidance is recommended for the unsatisfactory specimens. The risk of malignancy in this category is from 1 to 4%.
2. Benign cytology comprises benign follicular nodules (adenomatoid nodules, colloid nodules, etc), lymphocytic (Hashimoto) thyroditis and granulomatous (subacute) thyroiditis. A "benign" or "negative for malignancy" result is obtained from 60 to 70% of all thyroid FNABs, thus avoiding unnecessary surgery in the majority of the patients. Surgery is indicated for very big nodules (usually over 4 cm) causing compression or cosmetic concerns. The benign category carries very low risk of malignancy (0-3%) and if during the US follow-up the nodule shows more than 50% increase in volume or "suspicious" sonographic changes, a repeated FNAB is indicated [44] .
3. Atypia of undetermined significance (AUS) or follicular lesion of undetermined significance (FLUS) refers to cytological specimens with follicular arrangement and scant colloid that do not fulfill the criteria for the other categories (4, 5, rarely 6). The estimated risk of malignancy varies between 5% and 15%. The recommended management is clinical correlation and a repeated FNA which may lead to a more definitive interpretation. However, the physician may choose not to repeat the FNA but observe the nodule clinically or, alternatively, refer the patient to operation due to clinical and/or sonographic concerns [44, 46] . (FN) or suspicious for a follicular neoplasm (SFN)-the specimens typically have high cellularity, and colloid is scant or absent. Since the differentiation between follicular carcinoma and adenoma is made on the basis of capsular and/or vascular invasion, that are visible only on histology, FNAB reports them by this summary term "follicular neoplasm," requiring a definitive diagnostic histology procedure, usually lobectomy. The risk of malignancy in the category of FN/SFN amounts to 15-30% [44, 47] .
Follicular neoplasm
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Suspicious for malignancy is a cytology suggestive of malignancy without meeting all criteria for the definitive diagnosis of papillary or medullary carcinoma or very rarely lymphoma. The likelihood of definitively confirmed malignancy is approximately 70% and a surgery is recommended [44, 46] .
Malignant cytology indicates that the cytomorphologic features of the cells are conclu-
sive for malignancy-usually papillary thyroid carcinoma (PTC), more rarely anaplastic, medullary cancer, lymphoma or a metastatic lesion of another origin. Thyroidectomy is indicated for this category. The positive predictive value of a malignant FNA interpretation is from 97-99% [44] .
Most guidelines recommend surgical removal of nodules with cytology corresponding to Bethesda categories 3, 4, 5, and 6 [5, 13] . Preoperatively, clinical staging is performed through US and/or CT for neck cervical lymph nodes engagement [5, 12] . A CT/MRI is also indicated in selected cases to determine the local invasion of trachea and surrounding structures. In cases of suspicious neck lymphadenopathy, an FNAB of the lymph node with cytological assessment can be combined with a measurement of thyroglobulin/calcitonin in the wash out of the needle [48] .
Molecular testing
Bethesda indeterminate categories 3 and 4 comprise the so-called "gray zone" in thyroid cytopathology. Further stratification of malignancy risk and, respectively, the decision for surgery could be made by some ancillary techniques as molecular testing. The largest studies of preoperative molecular markers in patients with indeterminate FNA cytology have, respectively, evaluated a seven-gene panel of genetic mutations and rearrangements (BRAF, RAS, RET/PTC, PAX8/PPRAγ) [49] , a gene expression classifier (167 GEC, mRNA expression of 167 genes) [50] and galectin-3 immunohistochemistry (cell blocks) [51] . Due to the lack of a single optimal molecular test to exclude malignancy and the high cost of these ancillary techniques, they are still not routinely recommended. In the absence of molecular diagnosis, surgical removal of all undetermined lesions and follicular neoplasms is recommended [5] .
Role of staging and risk stratification in differentiated thyroid
carcinoma (DTC) patients
Disease staging is recommended for all patients with DTC not only as a requirement of the cancer registries but also as a factor determining the following treatment, risk assessment, and prediction of disease recurrence or persistence as well as disease mortality. Moreover, in the last years, risk stratification for thyroid cancer patients has changed from a single-point assessment at the time of the diagnosis and initial treatment to a more dynamic and changing overtime risk evaluation [16, 52] .
TO No evidence of primary tumor The initial staging of each patient is performed post-operatively mainly on the basis of the histology report, according to the seventh edition of the TNM classification of the American Joint Committee of Cancer (AJCC), presented on Table 2 [53] . Additionally to the TNM score, the age of the patient is also important, as young age (≤ 45 years) is considered a favorable factor upstaging the young patients with any T, any N and M0 in stage I and, respectively, young patients with distant metastases in stage II. However, some studies have questioned this "young age benefit" in the presence of lymph node metastases [54] .
The initial risk stratification is based on the TNM staging, as well as the type of tumor histology. ATA guidelines from 2015 proposed some additional prognostic variables as the extent of lymph node involvement presented as the number and size of lymph metastases, mutational status and degree of vascular invasion as the number of affected vessels that were not present in previous stratification systems ( Table 3 ).
Low ATA risk Papillary thyroid carcinoma (with all of the following): Table 3 . Initial risk stratification (adapted from ATA 2015 guidelines [5] ).
Thyroid Disorders
Ongoing (dynamic) risk stratification reflects the changes of recurrence risk during the follow-up period, which depends on the natural history of the disease and the patient's response to therapy (see Section 5 on the follow-up of patients with DTC).
Treatment
Initial treatment of DTC includes surgery and post-operative administration of radioiodine (if indicated) and the initiation of levothyroxin therapy. In rare cases (locally aggressive thyroid cancer), external beam radiotherapy to the neck is also indicated.
Surgery
Thyroid surgery
Thyroid surgery is an important element of the initial therapy for thyroid carcinoma. The recommended extent of thyroid surgery in patients with FNAB and cytology of malignant thyroid nodule (not medullary carcinoma) depends on the nodule size:
• A tumor larger than 4 cm, or with a gross extrathyroidal extension, or clinically metastatic lymph nodes or proven distant metastases, requires a total or near-total thyroidectomy as initial surgical intervention in order to remove all primary tumor mass [5] .
• For tumors >1 cm and < 4 cm without extrathyroidal invasion, with no clinical data of lymph node metastases, the initial surgical procedure can be either bilateral (total or neartotal thyroidectomy) or unilateral (lobectomy). Lobectomy may be sufficient for low-risk papillary and follicular carcinomas. Total thyroidectomy (TT) can be considered by the treatment team, especially if consequent radioiodine ablation (RAI) is planned. TT also enables a reliable follow-up, since thyroglobulin used as a tumor marker is expected to be undetectable if the thyroid is removed.
• For tumors <1 cm (small, unifocal and intrathyroidal carcinoma), without extrathyroidal extension and without lymph nodes involvement, thyroid lobectomy is sufficient unless there are other indications to remove the contralateral lobe as concurrent Graves' disease or benign nodules in the contralateral lobe [5, 52] .
Lymph node dissection
• Therapeutic central-compartment (level VI) lymph dissection of the neck is recommended in addition to the total thyroidectomy for patients with clinical evidence of involved central lymph nodes [5] .
• Prophylactic central-compartment neck dissection should be considered in patients with PTC with no clinical data on central neck LNs' involvement in cases that lateral neck nodes are involved or when the primary tumor is advanced (T3 or T4).
• Thyroidectomy without prophylactic central neck lymph dissection is suitable for small (T1 or T2), noninvasive, PTC without clinically engaged LNs and for most follicular carcinomas [5] .
• Therapeutic lateral-compartment lymph node dissection is recommended for patients with biopsy-proven metastatic lateral lymph nodes [55] .
Completion thyroidectomy
Completion thyroidectomy is a reoperation to completely remove residual thyroid parenchyma and should be offered to patients for whom total thyroidectomy would have been indicated if the diagnosis was known prior to the initial surgery. This underlines the importance of routine referral of patients with nodular goiter to FNAB, since malignant or suspicions for malignancy cytology suggests a one-step operation (total or near-total thyroidectomy) in contrast to a suboptimal operation (lobectomy) for preoperatively unspecified carcinoma which could require a second operation (completion thyroidectomy), the latter being often difficult to perform due to adhesions and neck changes after the previous operation [4, 5] .
Post-operative radioiodine (RAI) treatment
Post-operative administration of 131 I aims to destroy the remnant in the thyroid bed, as well as microscopic tumor foci, thus reducing the likelihood of recurrence [56, 57] . The ablation of residual normal thyroid tissue allows adequate long-term follow-up and early detection of recurrence based on serum Tg and whole-body scintigraphy (WBS). The high activity 131 I, given as a therapeutic dose (from 30 to 100 mCi), can also be used for diagnostic purposes by conducting a WBS from 2 to 5 days after the iodine administration, thus detecting small invisible with diagnostic doses (from 1 to 3 mCi) foci [57] .
However, RAI remnant ablation is not routinely recommended after thyroidectomy for all DTC patients. For patients with low ATA risk and tumor ≤1 cm, there is no evidence that RAI improves disease-related survival and is not recommended [5, 56, 57] . For patients with low ATA risk and tumor size between 1 and 4 cm, RAI is not routinely recommended, but it can be considered in aggressive histology and vascular invasion. Moreover, for low-risk patients, preference is given to the use of lower activities (30 mCi). For intermediate risk patients, the data on the survival benefits of RAI is controversial, and RAI is recommended for larger tumor size (> 4 cm) and age above 45 years [5] . In high-risk patients (with LN metastases, extrathyroidal spreading and distant metastases), RAI is generally indicated and in doses of 100 mCi [5] .
If RAI therapy or diagnostic testing (WBS, stimulated thyroglobulin measurement) is planned, a TSH stimulation should be achieved before these procedures. TSH level may rise through two methods: thyroid hormone withdrawal or application of recombinant human TSH (rhTSH, Thyrogen). Levothyroxine (LT4) should be withdrawn for 4-6 weeks to induce transient hypothyroidism with TSH > 30 mU/l that can stimulate iodine uptake (diagnostic or therapeutic) and Tg release. Liothyronine (LT3) may be substituted for LT4 in the initial weeks, but LT3 should be withdrawn for at least 2 weeks before testing/therapy. During the withdrawal period, patients experience signs and symptoms of hypothyroidism which may be severe and substantially impair their quality of life [58] . Cardiovascular, respiratory, CNS and psychiatric diseases worsen, as well as renal and liver function, requiring dose adjustment of concomitant medications in comorbid patients [59] . Besides, prolonged TSH stimulation may be associated with increased growth of metastatic tissue [16] .
Alternatively, to overcome the inconvenience of this thyroid hormone withdrawal, rhTSH has been developed, and numerous studies have demonstrated its safety, noninferiority of remnant ablation efficacy and Tg secretion, a definite superiority regarding quality of life, especially in patients with significant comorbidities, and also benefits for patients unable to mount an endogenous TSH rise [60, 61] .
Hormonal therapy
Treatment with thyroid hormone is well established and its goal is (1) to correct the postoperative/post-radiation hypothyroidism and (2) to suppress the growth of neoplastic cells by reducing TSH levels [62] . Thus, thyroid hormone treatment provides replacement and suppressive therapy at the same time.
Since thyroid cell proliferation and differentiation is TSH dependent and the presence of functional TSH receptors has been documented in most DTCs, the rationale for thyroid hormone administration is to inhibit TSH secretion. According to 2015 ATA guidelines the initial TSH suppression is considered as the following:
• High-risk DTC patients require initial TSH suppression to below 0.1 mU/L [4, 5] .
• For intermediate-risk DTC patients, initial TSH suppression of 0.1-0.5 mU/L is recommended [5, 61] .
• Low-risk patients who have undergone remnant ablation should maintain TSH at the lower end of the reference range (0.5-2 mU/L) if Tg is undetectable or TSH at or slightly below the lower limit of normal (0.1-0.5 mU/L) if Tg is low but detectable. For low-risk patients who have undergone lobectomy, TSH may be maintained in the mid-to-lower reference range (0.5-2 mU/L) while surveillance for recurrence is continued [5, 61] .
Other therapies
In the very rare cases of RAI refractory DTC patients with metastatic, rapidly progressive and symptomatic disease, kinase inhibitors may be considered after a careful evaluation of the potential risks and benefits of such therapies [5] .
Follow-up of patients with DTC
Most differentiated thyroid cancers are characterized by an indolent course with low morbidity and mortality. The methods used in the long-term follow up of patients with DTC are clinical examination, US (with special focus on the thyroid bed and lymph node status of the neck), serum thyroglobulin measurement with anti-Tg-antibodies, 131 I WBS and in selected cases CT, MRI and positron emission tomography ( 18 F-FDG-PET).
It is recommended that Tg is always assessed together with anti-Tg antibodies. In the presence of positive anti-Tg-antibodies, the interpretation of thyroglobulin is complicated [62, 63] . Often, this necessitates a WBS that can visualize recurrence in negative Tg (false negative due to the presence of anti-Tg-antibodies). In the positive for anti-Tg-antibodies' patients (e.g., PTC on the background of Hashimoto thyroiditis), the dynamic changes in serum levels of these antibodies may serve as an indirect marker for remission (decreasing titers of antibodies) or recurrence of the disease (rising titers) [64] . 18 F-FDG-PET is indicated in the case of high-risk patients with elevated thyroglobulin and negative radioiodine WBS [65] .
Based on the clinical, laboratory and imaging results, a novel nomenclature was introduced in order to describe the status of the patient during follow-up, excellent response, biochemical incomplete response, structural incomplete response and indeterminate response to treatment [5] . Thus, the response to therapy determines the ongoing risk stratification, which further guides the long-term follow-up and the management decisions.
• Excellent therapeutic response or absence of persistent disease for patients who have undergone surgery and RAI ablation is defined by the presence of all following three criteria (4, 5, 63): • Biochemical incomplete response is characterized by abnormal thyroglobulin (Tg > 1 ng/ml during suppressive therapy and > 10 ng/mL after stimulation) in the absence of a localizable disease. If associated with stable or declining serum Tg values, a biochemical incomplete response should lead to continued observation with ongoing TSH suppression. Rising Tg or anti-Tg antibody values requires prompt additional imaging and potentially additional therapies [5, 16] .
• Structural incomplete response is determined by persistence or new identification of loco-regional or distant metastases. The management (additional treatment or ongoing observation) depends on the size, location, rate of growth, RAI avidity, 18 F-FDG avidity and specific pathology of the structural lesions [5] .
• Indeterminate response constitutes nonspecific biochemical or structural findings. This includes patients with Tg between 0.2 and 1 ng/ml during suppressive therapy and stimulated Tg between 1 and 10 ng/mL or nonspecific imaging findings as US data of subcentimeter avascular thyroid bed nodules or atypical LNs, faint uptake in the thyroid bed on WBS [5] . If these nonspecific findings become suspicious during the follow-up or if Tg or anti-Tg antibody levels are rising, additional imaging or biopsy with cytology evaluation and wash-out Tg measurement in suspicious LNs are indicated [66] .
The initial LT4 treatment is reassessed during the long-term follow-up of DTC patients and the following long-term serum TSH levels are recommended:
• For patients with a structural incomplete response to treatment during the follow-up, TSH level should be maintained ≤0.1 mU/L in the absence of contraindications [5] . The risk of therapeutically induced subclinical hyperthyroidism affects the cardiovascular system (rhythm disorders, atrial fibrillation) and the bones (osteopenia, osteoporosis) [62] .
• For patients with a biochemical incomplete treatment response, the serum TSH should be maintained between 0.1 and 0.5 mU/L, taking into account the initial ATA risk, Tg level, Tg dynamics over time and the risk of TSH suppression [5, 62] .
• For high-risk cancer patients who have an excellent (clinically and biochemically disease free) or indeterminate response to therapy, serum TSH may be maintained between 0.1 and 0.5 mU/L for up to 5 years after which the degree of TSH suppression can by reduced with continued surveillance for recurrence [5] .
• Patients with excellent therapeutic response (clinically and biochemically disease free), patients with an initial low-risk and intermediate response and those who did not carry out remnant ablation may maintain their TSH in the lower half of the reference range (from 0.5 to 2 mU/L) [67] .
Conclusion
The cornerstones of the preoperative diagnosis of thyroid cancer are the careful US examination, FNAB and cytology assessment of the suspicious thyroid nodules. An interdisciplinary team comprising endocrinologists, surgeons, pathologists, radiologists and oncologists should guide the patient through the diagnostic and treatment process. Strict criteria have been introduced for treatment options and follow-up on the base of initial and ongoing risk assessment in order to minimize the potential harm of over-treatment of low-risk patients and to provide adequate therapy to patients at high risk.
